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HODERUDWHG ZLWKLQ WKH JHQHUDO FRQWH[W RI VWRFKDVWLF K\GURORJ\ >@ DOVR EHDULQJ WKH QDPH RI $5,0$ $XWRUHJUHVVLYH
,QWHJUDWHG0RYLQJ$YHUDJH$5,0$PRGHOLQJ WHFKQLTXHKDVEHHQDSSOLHGZRUOGZLGHRQDJUHDWQXPEHURIQRWRQO\











 pI I $XWRUHJUHVVLYHPRGHOVSDUDPHWHUV







2.1. Study area 
:LWKWKHYLHZWRLQYHVWLJDWHUDLQIDOOSDWWHUQVLQ.DYDODFLW\DUHDDVHDVLGHFLW\IDFLQJWKH$HJHDQ6HDWRWKH6RXWKDQG
VXUURXQGHGE\WKH/HNDQLPRXQWDLQVHULHVUDPLILFDWLRQVWRWKH1RUWKDQG(DVWDQGWKH3DJJDLRQ0RXQWDLQEUDQFKHVWRWKH
:HVW WRWDO PRQWKO\ UHFRUGHG REVHUYDWLRQV IURP WKH RQO\ RQH DYDLODEOH RSHUDWLQJ PHWHRURORJLFDO VWDWLRQ ORFDWHG DW
R¶´1DQGR¶´(ZHUHDQDO\]HGFRYHULQJDWLPHLQWHUYDOSHULRGRI\HDUVDVGHSLFWHGLQ)LJXUH
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
)LJ0DSRIWKHGLVWULFWRI.DYDODFLW\*UHHFH&UHDWHGXVLQJ*RRJOH(DUWKDQGPLVFHOODQHRXVPDSSLQJKWWSZZZPHWHRNDYJU
2.2. The Box-Jenkins model building procedure 
7KHVWDWLVWLFLDQV%R[DQG-HQNLQVGHYHORSHGDPRGHOLQJPHWKRGSULPDULO\IRUILQDQFLDO WLPHVHULHVDQDO\VLV
GHDOLQJZLWKVWDWLRQDU\WLPHVHULHVDQGILWWLQJHLWKHUDXWRUHJUHVVLYHPRYLQJDYHUDJH$50$RUDXWRUHJUHVVLYHLQWHJUDWHG
PRYLQJDYHUDJH $5,0$RU VHDVRQDO DXWRUHJUHVVLYH LQWHJUDWHGPRYLQJDYHUDJH 6$5,0$PRGHOVZLWK WKHYLHZ WR
GLVFRYHUWKHPRVWDSSURSULDWHPDWFKRIDWLPHVHULHVGDWDWRSUHYLRXVYDOXHVRIWKHVDPHWLPHVHULHVZLWKWKHYLHZWRSHUIRUP
IXWXUHSUHGLFWLRQVDQGIRUHFDVWV7KHPRGHOEXLOGLQJSURFHGXUHLQFRUSRUDWHVWKHIROORZLQJVXFFHVVLYHVWDJHV>@
2.2.1. Model identification and selection 
9HULI\LQJWKHVWDWLRQDULW\RIWKHYDULDEOHVWUDFLQJDQGORFDWLQJVHDVRQDOLW\LIH[LVWVZLWKLQWKHWLPHVHULHVGDWDXQGHU
LQYHVWLJDWLRQVLWXDWLRQZKLFKFDQEHWUHDWHGE\VHDVRQDOGLIIHUHQFLQJDQGLQWHUSUHWLQJFKDUWVRIDXWRFRUUHODWLRQDQGSDUWLDO
DXWRFRUUHODWLRQIXQFWLRQVRI WKH WLPHVHULHVGDWDXQGHUH[DPLQDWLRQZLWK WKHYLHZ WRFRQFOXGHZKLFKDXWRUHJUHVVLYHRU
PRYLQJDYHUDJHFRQVWLWXHQWZRXOGEHWKHPRVWDSSURSULDWHWRWDNHSODFHLQWKHPRGHO

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2.2.2. Model parameters estimation 
8VLQJFDOFXODWLRQSURFHGXUHVLQRUGHUWRDVVD\WKHPRVWFRPSHWHQWFRHIILFLHQWVIRUWKHSUHIHUDEOH$5,0$PRGHOLQPRVW
FDVHVE\PHDQVRIFRPSXWDWLRQPHWKRGVOLNHHLWKHUPD[LPXPOLNHOLKRRGHVWLPDWLRQRUOHDVWVTXDUHVHVWLPDWLRQ






2.3. Types of ARIMA models 




    t t t p t p ty c y y y eI I I    u  u   u   
ZKHUHFLVDFRQVWDQWDQGHWLVZKLWHQRLVH7KLVSURFHGXUHUHVHPEOHVDPXOWLSOHUHJUHVVLRQEXWZLWKODJJHGYDOXHVRI\W
DVSUHGLFWRUV5HIHUHQFHLVPDGHWRWKLVW\SHRIPRGHODVDQ$5SPRGHO
2.3.2. Autoregressive Moving Average (ARMA) models 
,QVWHDGRIXVLQJSDVWYDOXHVRIWKHIRUHFDVWYDULDEOHLQDUHJUHVVLRQSURFHVVDPRYLQJDYHUDJHPRGHOXVHVSDVWIRUHFDVW
HUURUVZLWKLQDUHJUHVVLRQUHVHPEOLQJPRGHOEXLOGLQJ>@
    t t t q t q ty c y y y eT T T    u  u   u   
ZKHUHHWLVZKLWHQRLVH:HPDNHUHIHUHQFHWRWKLVW\SHRIPRGHODVDQ0$TPRGHO





ZLWKS QRQVHDVRQDO $5RUGHUG QRQVHDVRQDOGLIIHUHQFLQJT QRQVHDVRQDO 0$RUGHU3 VHDVRQDO $5RUGHU










































9LVXDOO\ LQVSHFWLQJ DQ DQWLFLSDWHG FRQYHQWLRQDOPRQWK VHDVRQDOSDWWHUQ IROORZLQJD F\FOLFDOSDWWHUQEHWZHHQ WKH
VXPPHUSHULRGGXULQJZKLFKWKHUHFRUGHGUDLQIDOOOHYHOVDUHYHU\ORZRU]HURDQGWKHZLQWHUSHULRGGXULQJZKLFKWKHUDLQIDOO
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UHDFKHVLWVKLJKHVWOHYHOVFDQQRWEHGHILQLWHO\HLWKHUWUDFHGRUUHFRJQL]HG2QWKHFRQWUDU\ZHXQGRXEWHGO\GHOLQHDWHWKDW





FKDUWLQJ WKH$&)SORW WKH VHDVRQDOLW\ SDWWHUQ LV XQIROGHGZKLFK FRXOGQ¶W EH GLVFRYHUHGE\ WKH VLPSOH OLQHDU HTXDWLRQ
GHVFULELQJWKHOLQHDUWUHQGOLQHDVVRFLDWHGZLWKWKHRULJLQDOUDZWRWDOPRQWKO\UHFRUGHGUDLQIDOOGDWD7KLVSDWWHUQFDQEH
HDVLO\LGHQWLILHGLQWKHIROORZLQJ)LJXUHOHIWFKDUWIRFXVLQJRQWKHKLJKSHDNDWFORVHWKHSHULRG
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3.4. Model identification 
$VVRRQDVVHYHUDOWHVWVFRQFHUQLQJWKHWRWDOPRQWKO\UHFRUGHGUDLQIDOOKDYHEHHQFRPSOHWHGDIHZFDQGLGDWHPRGHOVZHUH
FRQVLGHUHGWKDWEHVWPHHWWKHFULWHULDDQGZHILQDOO\FRQFOXGHGWKDWWKHVHDVRQDO$5,0$6$5,0$>;@LV
FRQVLGHUHG WKHPRVW VXLWDEOH RQH DSSHDULQJ WR KDYH WKH OHDVW1RUPDOL]HG%,& 0$3( 0$(
$NDLNH¶V,QIRUPDWLRQ&ULWHULRQ$,&6FKZDU]¶V%D\HVLDQ&ULWHULRQ6%&>@
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0RGHO -DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF












'HSDUWPHQWRI&LYLO(QJLQHHULQJ)DFXOW\RI(QJLQHHULQJ'HPRFULWXV8QLYHUVLW\RI7KUDFH IRU WKHYDOXDEOH VFLHQWLILF
NQRZOHGJHZLWKLQWKHJHQHUDOFRQWH[WRI6WRFKDVWLF+\GURORJ\KHNLQGO\WUDQVIHUUHGWKURXJKWKHPRGXOHQDPHG6WRFKDVWLF
0RGHO%XLOGLQJLQ+\GURORJ\WDXJKWDVDSDUWRIWKH06F,Q+\GUDXOLF(QJLQHHULQJSHUIRUPHGE\WKHDERYHPHQWLRQHG
GHSDUWPHQW DVZHOO DV0U*LDQQLV' =DFKDULV WKHPHWHRURORJLFDO VWDWLRQPDLQWHQDQFH UHVSRQVLEOH DQG RSHUDWRU IRU
EURDGFDVWLQJ WKH UHDOWLPH UDLQIDOO GDWD WKURXJK WKH IUHH RI FKDUJH RSHQ DFFHVV ZHEVLWHV QDPHG VXFFHVVLYHO\
KWWSZZZPHWHRNDYJUDQGKWWSVZZZIDFHERRNFRP0HWHRNDY"SQUHI OKF
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